The spontaneous occurrence and the detailed histopathologic description of malignant lymphomas in control Syrian golden hamsters are presented. The tumors appeared during the second half of the hamsters' lives and were diagnosed as malignant lymphoma.s, histiocytic type, histologically involving the lymph nodes, skin, liver, spleen, and kidney.
INTRODUCTION
Malignant lymphomas have been observed occasionally in the colonies of our untreated Syrian golden hamsters during the past 15 years (4, 11, 13, 15) . In simultaneous experiments, whenever a large variety of chemical carcinogens was administered to this species, malignant lymphomas were seen in a few instances. Their appearance, however, was not attributed to the treatments in most cases (4, 13) .
In other laboratories, as early as 1945, a report appeared which demonstrated the transmission of a Syrian golden hamster â€oepolymorphsarcomaâ€• by the inoculation of blood cells, while the administration of cell-free filtrates obtained from the tumor was unproductive (1) . Later on, others reported the appearance of a spontaneous reticulum-cell sarcoma in the Syrian golden ham ster, which was also transplantable (3) . This tumor was studied by thin-section electron microscopy and was found to be corn posed of neopla.stic tumor cells and macrophages. The search for virus particles in the tumor was unsuccessful (16). The occurrence of reticulum-cell lymphosarcoma in the Syrian golden hamster was reported also by other workers (5) , and lately, lymphocytic leukemia.s, associated with diffuse epithelial changes resembling malignant melanoma, were induced in this species by the inocula tion of cell susl)ension of the original diseases (6) . Similarly, a 1These studies were supported byGrants CA4665, CS-9212, and
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Received December2, 1966; accepted April 11, 1967. transplantable lymphoblastic lymphoma of an untreated Syriai@ golden hamster was described in another laboratory (8) .
In the European hamsters kept as controls, thymomas have been seen in a few instances. The heterologous transplantation studies and the virus particle identification investigation were, however, negative (7) .
The present work is concerned with the evaluation of the occurrence and of the detailed histopathologic description of malignant lymphornas in the Syrian golden hamster. Also, trans plantation studies were carried out in the neonatal and adult animals, in addition to the cell-free filtration experiments, the latter being designed to recover the possibly present infectious virus. Studies on the induction of this tumor by chemical means will be reported in another paper.
MATERIALS AND METHODS
Syrian golden hamsters from a colony originally obtained from Abrams Small Stock Breeders, Chicago, Illinois, and bred ran domly in our laboratory since 1959, were used. Each litter was housed with its mother until weaned, then separated according to sex. The animals were housed in plastic cages with sterilized granular cellulose bedding in groups of five and were given Rock land diet (A. E. Staley Mfg. Co., Decatur, Illinois) in pellets and tap water ad libitum.
The experiment was divided into three main groups and can be briefly described as follows:
Untreated Animals
One hundred female and 100 male hamsters were observed from weaning time (5 weeks of age) and kept as a control for their life span.
Transplantation Study
The original tumor, diagnosed as a malignant lymphoma, histiocytic type, was found in a 114-week-old male control ham ster. The tumor tissues were obtained by biopsy under ether anesthesia, and transplantation was performed in two ways: a) Tumor fragments approximately 4 x 4 x 3 mm were ob tamed from the external lymph nodes and inserted into the subcutaneous tissues of the back through a small skin incision. Five female and 5 male 8-week-old animals were used.
b) Cell suspensions were prepared from the lymph nodes of tumor-bearing animals to which sterile physiologic saline was added (1 :5 Third Generation. The material was made from the lymph nodes of a lymphoma-bearing, 3-week-old hamster of the 2nd generation.
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Fourth Generation. The cell suspension was prepared from the lymph nodes of a lymphoma-bearing, 3-week-old hamster of the 3rd generation.
Fifth Generation. The cell susl)ension was obtained from the lymph nodes of a lymphoma-bearing, 2-week-old hamster of the 4th generation.
Sixth Generation. The cell suspension was prepared from the lymph nodes of a lymphoma-bearing, 2-week-old hamster of the 5th generation.
Seventh Generation. The cell suspension was made from the lymph nodes of 2 lymphoma-bearing, 2-week-old hamsters of the 6th generation.
Eighth Generation. The cell suspension was prepared from the lymph nodes of 2 lymphoma-bearing, 2-week-old hamsters of the 7th generation.
Ninth Generation. The cell suspension was obtained from the lymph nodes of 2 lymphoma-bearing, 2-week-old hamsters of the 8th generation.
Cell-free Filtration Study
The method of Gross (9) was employed as follows. The lymph nodes from hamsters killed by ether were suspended in physiologic saline (1 :5) at 0Â°C.The tissues were homogenized in glass tubes until fine suspension was obtained (1â€"2minutes). The cell suspension was centrifuged (Model PR-2, International Equipment Co., Boston, Mass.) at 3000 rpm (1400 x g) for 15 minutes at 0Â°C. The supernatant was centrifuged (Model L preparative ultracentrifuge, Beckman Instruments, Inc., Bel mont, Calif.,) at 9500 rpm (7000 x g) for 7 minutes at 0Â°C. Then the second supernatant was passed through a Selas, porosity 02, porcelain filter candle, a new one being used each time.
Five groups of hamsters comprised the study and in each group, the animals were inoculated subcutaneously on the back with the cell-free filtrates in physiologic saline. The volume of cell-free filtrates and the age of the treated animals are recorded in Table 2 , while the source of tumor tissues were as follows: Group 1. The material was Prel)ared from the lymph nodes of a 114-week-old control hamster with malignant lymphoma.
Group 2. The cell-free filtrate was obtained from the lymph nodes of a 5-week-old, lymphoma-bearing hamster of the first transplant generation.
Group 3. The cell-free filtrate was prepared from the lymph nodes of a 3-week-old, lymphoma-bearing hamster of the 3rd transplant generation.
Group 4. The material was prepared from the lymph nodes of two 2-week-old, lymphoma-bearing hamsters of the 7th trans plant generation.
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All the animals were carefully checked and weighed at weekly intervals, and the changes were recorded. Particular care was given for the palpation of the external lymph nodes throughout the experiment. The animals were allowed to die or were killed with ether when found in poor condition. Complete necropsies were performed on all animals. All organs were examined macro scopically and were fixed in 10% buffered formalin. Histologic studies were performed on the thymus, lymph nodes, spleen, liver, kidney, lungs, sternal bone marrow, skin, and any additional organs that showed gross pathologic changes. Sections from these tissues were stained routinely with hematoxylin and eosin. Special stains, such as Snook's modification of Maresch Bielschowsky for reticulin fibers, Laidhaw dopa oxida.se and Masson-Fontana silver stain for the demonstration of melanin and premelanin, Romanes' modification of Bodian's method for nerve fibers, were also carried out when needed for differential diagnoses.
RESULTS
The survival rates at weekly intervals up to weaning time (5 weeks) and afterwards at 10-week intervals are recorded in Tables 1â€"3 . It is evident from these data that the inoculations of cell suspensions reduced the survival in the various transplant generations (Table 2) , while no significant effect was notable in the cell-free-filtrate-inoculated animals.
The number, percentage, and latent period of all observed tumors are also summarized in Tables 1â€"3 .
Malignant Lymphomas in Untreated Animals
As can be seen from Table 1 , two females had this tumor at 76 and 89 weeks of age, respectively, whereas in the males, lymphomas were found in 7 animals at 76, 82, 82, 91, 105, 113, and 114 weeks. The extent of macroscopic enlargement and the histologic involvement of different tissues by the tumor cells are summarized in Table 4 . The result indicates that the tumors could be recognized grossly in the lymph node(s), usually in the skin, and rarely in the spleen and liver, since the enlargements of these organs are rather distinct. Histologically, the tumor cells were observed in the lymph node(s), skin, liver, kidneys, and spleen.
The living diseased animals, especially in advanced cases, exhibited fatigue or often bit and scratched themselves. If they were touched, they became nervous and showed pain. Their movements were usually limited. Early signs of the development of the lesion were epilation, hyperkeratosis, and thickened skin, mainly on the dorsal and ventral sides of the body (Figs. 1, 2) . Occasionally, superficial ulcerations and crusts occurred also. The palpable external lymph nodes, especially the inguinals, showed extensive enlargement (Fig. 4) with the advancement of the disease, whereas at the beginning, they either did or did not enlarge (Fig. 3) . As can be seen, all presently observed lympho mas were of the histiocytic type; cytologically, the cytoplasms TissuesNo.
of animals with involvementNo. represents animal organs without macroscopic enlargement or histologic involvement.
hyperkeratotic, desquamative, and the crusty and necrotic upper layers of the skin.
The examined skin sections were devoid of junctional changes. Special stains such as Laidlaw dopa oxidase (10) and the Masson Fontana silver stains (12) were used on representative cases and gave negative results for melanin and premelanin. The Snook modification of the Maresch-Bielschowsky stain was employed for the demonstration of reticulin fibers in the lesions (14).
In addition to malignant lymphomas, other types of tumors were also found, in agreement with our earlier observation con cerning spontaneous tumor types in this species (13, 15) .
Malignant Lymphomas in the Transplantation Study
(a) No tumors of any kind were observed in the animals which received fragments of tumors at adult age.
(b) Tables 2 and 5 illustrate the incidences of malignant
lymphomas in the various transplant generations. A total of 59 malignant lymphomas were observed in the eight subsequent transplant generations. The overall figures in each group were the following: 1st generation, 7 (58.3%) ; 2nd generation, 9 (26.4%); 3rd generation, 8 (33.3%) ; 4th generation, 6 (26.0%); 5th genera tion, 8 (25.0%) ; 6th generation, 9 (47.3%) ; 7th generation, 7 (33.3%), 8th generation, 6 (25.0%). The involvement of various tissues with the lymphoma cells is presented in Table 5 . As can be seen from these data, the tumor cells were found to have infiltrated the following tissues: lymph node(s), skin (Figs. 17,  18) , kidneys (Fig. 20), thymus (Figs. 21, 22) , liver, bone marrow (Fig. 19) , spleen, lungs (Figs. 23, 24) , fat (Fig. 8) , and pancreas. At the subcutaneous injection sites, no nodular tumor growth was found.
The latent period of thesetumors wasshort; 50 (out of the total 59) were observed within the first 5 weeks of life with an average of 2.4 weeks, whereas the other 9 were found at 8, 16, 72, 72, 95, 113, 118, 118, and 136 weeks of age. In comparing, morpho logically, the malignant lymphomas in the untreated and the cell-suspension inoculated animals, the following notable differ ences were seen. Firstly, the neoplastic cells were never observed in the thymuses of the lymphoma-bearing untreated hamsters, were pale, varied in abundance, and often suggested a syncytial arrangement (Fig. 5) . Intracellular particles, presumptive evi dence of phagocytic activity of the cells, sometimes were seen.
The nuclei of these cells were round or oval, with relatively thick nuclear membranes and prominent nucleoli (Fig. 6 ). Argyrophilic fibers in the tumors appeared scanty and usually were limited to the preexisting frame work of lymph nodes (Fig.  7) . In kidneys the histiocytes were seen under the capsula (Fig.  9) ; in the liver they were diffuse but were most numerous around the periportal areas (Fig. 10) . In the spleen, the proliferation of neoplastic histiocytes took place in the red pulp in between the Malpighian corpuscles (Figs. 11, 12) . Histologically, the early skin lesion showed hyperkeratosis and few infiltrative cells beneath the epidermis (Fig. 13) . In more advance cases the in vading neoplastic histiocytes in some areas intermixed with in flammative cells extended downwards halfway to the cutis (Fig.  14) . In a few cases, the proliferating cells obliterated the entire skin, and invaded even the panniculus carnosus (Fig. 15) . The next illustration (Fig. 16) shows the infrequent occurrence of while in the cell-suspension-inoculated groups the neoplastic histiocytes obliterated the medulla (Figs. 21, 22) . Secondly, the lymphoma cells invaded the subcapsular areas of kidneys in one of the untreated animals, while in the cell-suspension-inoculated groups in 33 animals, the glomeruli contained large numbers of these cells which often masked the original structure (Fig. 20) .
A number of other neoplasms were observed in these animals as listed in Table 2 .
Tumor Incidence in the Cell-free-filtrate-inoculated Ani mals Table 3 illustrates the different types of neoplasms obtained in the various cell-free-filtrate-inoculated groups.
DISCUSSION

Occasional malignant lymphomas of various types in both the
Syrian golden hamsters treated with chemical carcinogens and the untreated controls have been recorded in the past (1, 3â€"6, 8, 11, 13, 15, 16) . Considering the available reports on this subject, it is evident that sufficient descriptive data are still lacking. In the present experiment, particular emphasis is made to reveal precise incidence, the gross anatomical appearance and location, and the histologic involvement of various tissues with this tumor. This investigation provides information also on the more valuable biologic aspects of the neoplasm: its transplantability and its cell-free filtration attempts.
The results show that in the controls the malignant lymphomas occurred in the second half of the hamsters' lives in the lymph nodes and usually in the skin and less frequently in the spleen, liver, and kidneys. The majority of these tumors (seven out of nine) were found in males and only two in females, which con trasts sharply with the mouse data in which the opposite is true.
This sex differencemay not be real, sincethe survival rate of female hamsters was less than that of the males. However, the involvement of other possible factors ought not to be ruled out. The cutaneous manifestation of these lesions is a rather interes ting one because in certain types of human lymphomas, unlike in the mouse, it is often seen (2). The disease is reminiscent of mycosis fungoides or leukemia cutis of man, because the skin involvements are similar if not identical in these cases. At present, no proper causative explanation can be given for it.
Because the previous investigations of other workers with regard to the description of malignant lymphomas are incon elusive (6), considerable importance has been given in this study to differential diagnostic problems. In all cases the malignant melanoma appears to be the main concern. The presently de scribed lymphoma differs from the malignant melanoma on the following points. First of all, the tumor appeared to be mainly in the lymph nodes with diffuse skin involvement without junc tional changes. Secondly, the morphology of the tumor cells was characteristic:
elongated cytoplasm, large nuclei, distinct cell border, and irregularly clumped chromatin. Thirdly, special stains such as Laidlaw dopa oxidase and Masson-Fontana silver stains for melanin and premelanin were negative.
Of more biologic interest, transplantation was also carried out in this study. In neonatal animals, the inoculated tumor cell suspension grew and eight subsequent transplant generations were obtained. In adults, the tumor grafts failed to progress which was not surprising since the animals were randomly bred. The â€oetakeâ€• of transplanted cells by the neonatal animals was expected ; on the other hand, the absence of localized subcutane ous cell growth at the injection sites, the replacement of thymic medulla by the neoplastic histiocytes, and the obliteration of glomeruli by tumor cells were unusual. The latter may be ex plained on the grounds that the large histiocytes were probably mechanically trapped in during the filtration process.
Experiments for the extraction of a possible subcellular in fectious agent were performed also; five cell-free filtration studies were made, one from the original and four from the transplanted tumor cells, without apparent result. The negative findings could be due, however, to the fact that the incidence of lymphoma is rather low, which may indicate the presence of a weak infectious agent or some sort of hypothetical inhibitory mechanism.
In view of the fact that the overwhelming majority of mouse lymphomas are thymic in origin (9) while their human counter part is basically extrathymic, a search for malignant lymphomas in other species which would have lesions similar to human ones would be more than justifiable.
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